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Equations for the determination of particle flux at a location downstream 
of the exit of convergent and divergent two-dimensional slots for gas flow 
through the slot under free-molecule conditions have been derived and solved 
numerically. Slot configurations range from length to inlet width ratios of 
0. 25 to 8 and wall half-angles from 75° divergent to 60° convergent. 


Flux distribution patterns along surfaces of constant radius from the slot 
exit centerplane and in planes normal to the slot centerplane are presented for 
varying distances from the slot exit. Flux along the centerplane close to the 
slot exit is higher for the smaller length-to-width-ratio slots and becomes 
less a function of the length to inlet width ratio as the distance from the 
slot exit increases. As the length to inlet width ratio of the slot in- 
crease s, the angle giving maximum flux along the centerplane approaches zero 
(i.e. , a parallel-walled slot). A maximum value of flux along the centerplane 
is obtained in the far field with divergent slots. 


Larger length-to- inlet-width-ratio slots give a more collimated beam 
than do small length to inlet width ratios, and a divergent slot yields a more 
collimated beam than a convergent slot having the same length to inlet width 
ratio. The normalized flux patterns for the convergent and divergent slots in 
the far field follow the cosine distribution law out to angles from the center- 
plane equal in magnitude to the wall half -angle; beyond this angle the normal- 
ized flux falls below the cosine distribution law. 




INTRODUCTION 

The gas flow patterns that are obtained from the exit of nozzles or ori- 
fices under free-moleeule-flow conditions are frequently required in the design 
of electrostatic thrustors (refs. 1 to 5). Such patterns may also have appli- 
cability to a wide range of flow problems in vacuum and space technology. 
Analytical or experimental determinations of gas profiles under free-molecule- 
flow conditions have been very limited. Clausing (ref. 6) calculated the far- 
field flux patterns for flow through short cylindrical tubes (length to radius 
ratios less than 2). More recently, in reference 7, his analysis has been 



extended to include larger length to radius ratios. An experimental determina- 
tion of far-field gas profiles from cylindrical tubes is given in reference 8. 

The present report deals with flux distribution patterns resulting from 
gas flow under free-molecule conditions with diffuse wall reflection through 
divergent, convergent, and parallel -walled slots, which are two-dimensional 
(i.e., infinite in extent in a direction normal to the flow direction). The 
slot configurations, shown schematically in figure 1(a), vary in length to in- 
let width ratio from 0.25 to 8, and have wall half -angles from 75° divergent 
to 60° convergent. Two types of flux patterns are presented as shown in fig- 
ure 1(b). In one, the angular distribution of flux is calculated for various 
radial distances with the origin taken to be on the centerplane at the exit 
plane of the slot. In the other, the lateral flux variation normal to the 
centerplane is determined for planes located at various distances from the slot 
exit plane. Both distributions are needed because the flux through two dif- 
ferential areas located at the same point, but at some angle to each other, 
cannot be simply related except at distances far from the slot exit. In each 
case the flux patterns were evaluated close to the slot exit and for contin- 
ually Increasing distances until the far field is reached. The far field is 
defined herein to mean that region (or, distance) where the normalized flux 
patterns become independent of the distance from the slot exit. 

The relations for free-molecule flow presented herein are also applicable 
to certain radiation problems with diffuse reflection, since the flux of emit- 
ted radiation then follows the cosine distribution law and the geometric rela- 
tions become identical to those for molecular flow. 


CALCULATION PROCEDURE 


The flux distribution downstream from the exit of the slots is calculated 
under the assumptions that gas flow into the slot is uniform and has a random 
directional distribution, that free -molecule -flow conditions exist throughout, 
and that particle reflections from the wall are diffuse. The relation from 
which the flux distributions are calculated is readily derived from the well- 
known cosine distribution law of emission from a line-element source (ref. 9). 
The relation is 



n a cos 0 ab C0S 0 ba , 
dn-K = — dy g 


21 


ab 


( 1 ) 


(All symbols are defined in appendix A. ) 

The geometric parameters given in equa- 
tion (l) are shown in sketch (a) where 

dr^ flux (particles per unit area per 

unit time) arriving at differential 
area dA-^ from the line -element 
source dy a 

n flux leaving strip, dy 

cl <* 
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Flux Distribution on Surfaces of Constant Radius About Centerline of Exit Plane 


Mathematical description of the flux along various radii R beyond the 
slot exit depends on the regions as noted in sketch (b) and figure 1(c). The 

regions are symmetrical about the 
Region Region slot centerplane. 

— Ill 

~''v N /V In region I, flux is due to 

/ n. ii contributions from all of the inlet 

\ l pv. R and f rom both walls. In region II, 

l flux is from only one wall and from 

/ Wl /" only part of the inlet. In region 

— t | III, there is no direct flux from 

l l — J the inlet, only flux from all or part 

x 5 -J I x 5 - J of the one wall. In region IV, 

Divergent slot Convergent slot there is direct flux from part of the 

(bl inlet opening and no flux from either 

wall. Region IV occurs only for the 

convergent slots in planes that are beyond the point of intersection of the 
extension of the planes of the walls. The flux equations that apply for the 
various regions are presented next; derivations of these equations are given 
in appendix B. 

Region I. - Region I is bounded by the relation 


x 5 " 

Divergent slot 


x 5 

Convergent slot 


— W L — — 

0 < y 5 < — + (x 5 - L) tan p 

The flux at point 5 in the radial direction cp is given by 

^5^) = 1 fp x 5 - 5)(l ~ ^5) + 2 *5yJ + [(x 5 - L)(l + 2y 5 ) - 2x^0 


4x| + (1 - 2 y 5 ) 2 


4x 2 + (1 + 2y 5 ) 2 


I n(xj) (1+ 2y 3 + 2xg tan p)£(l+ 2y 3 + 2xj tan p) sin cp+ 2(x 3 - x 3 ) cos <0 
J 1 ([ 4 ( x 5 " x 3^ 2 + (! + 2y 5 + 2 x 3 tan p)^] ^ 

(1- 2y^+ 2x 3 tan p )J~( 1 - 2y^+ 2x 3 tan p) sin cp+ 2(x 3 - x 3 ) cos cpll _ 

+ “ I I ^3/2 f to 5 

Jjt(x 5 - x 3 ) 2 + (1 - 2y 5 + 2 x 3 tan p) 2 J ‘ 

The first term in equation (3) is the direct flux from the inlet; the integral 
is the flux from the two walls. 

Region II. - Region II is bounded by the relation 


~2~ + (x 5 - L) tan P < y$ < 


x 5 * L | W L + 1 
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The flux relation is 


n c (q>) , (x c - L)(y’ - yj + (x R - L)(l + 2y^) - 2x 5 y 5 


f X 5 + " y 5^ f 4x 5 + t 1 + 2y 5^ 

«« 

f*(l+ 2y 5 + 2x 3 tan p)[jl + 2y 5 + 2x 3 tan p) sin cp + 2(x 5 - x 3 ) cos cpj 
^4 (x 5 - x 3 ) 2 + (1 + 2y 5 + 2x 3 tan p) 2 ^ 3 / 2 


where 


W L y 5 - (W l /2) 

y = - — — L 

2 [ x 5 " L 

Region III. - Region III is bounded by the relation 


W T x s - L /¥ t + 1 

5 * 5 S * -r + -h- l-V- 


In region III there is no contribution from the inlet. The flux at point 5 is 
entirely from one wall and is given by the relation 


n 5 (cp) 


n(x 3 ) 

n l 


(1+ 2y c + 2x c tan p)T(l+ 2y + 2x_ tan p) sin cp+ 2(x - x ) cos cpl _ 



[_4(x 5 - x 5 )° + (1 + 2y 5 + 2 x 3 tan p) J 

j 

where 

the limit x^ is given by the relation 



f r x_ - l 

1 — 1 
+ 

, IEs 


x 5 - L 




Region IV . - Region IV occurs only for the convergent slots when 


X 5> 


2 1 tan p| 

For this condition, the hounds of region IV are given by the relation 

sec 9 


0 < tan cp < | tan p | - 


2R 


O) 


( 10 ) 


The flux at point 5 is then given by 


n 5 (cp) W 


1 


i 

— > 

n i 

IvTq 

[(Wj/HR) sec cp - tan qTj 

f V: IT] 

[(Wi/2R) sec cp +tan cpj 
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Flux Distributions in Planes Beyond Exit 

Flux variations in planes beyond the exit are also divided into four 
regions as noted in sketch (c) and figure 1(d). 

In region I, flux is due to 
contributions from all of the inlet 
and from both walls. In region II, 
flux is from all of one wall and from 
part of the inlet. In region III, 
there is no direct flux from the in- 
let, and only flux from all or part 
of the one wall is "seen" by the 
point 5. In region IV, there is di- 
rect flux from part of the inlet 
only; there is no direct flux from 
either wall. Region IV occurs only 
for the convergent cases in planes 
that are beyond the point of intersection of the extension of the planes of the 
walls. The flux equations that apply for the various regions are given next; 
derivations are given in appendix B. 

Region I . - The boundary of region I is determined by the relation 

— Wt. x . . 

0 < y 5 < — + (x 5 - L) tan p (12) 

The flux at point 5 is given by the following expression: 
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= 1 1 - ^5 + 1 + 2y 5 

n. 2 


^4x§ + (1 - 2y 5 ) 2 |/Ixf + (1 + 2y 5 ) 2 J 



n(x 3 ) _ _ 

+ 2 J - (Xj- " ^•z)' 


1 + 2y 5 + 2 x 5 tan p 


n, • 5 “ _ _ 2 _ _ 2—3/2 

[4(x 5 - x 3 ) + (1 + 2y 5 + 2 x 3 tan p) J 


1 - 2y 5 + 2 x 5 tan p 


(x 5 - x 3 ) 2 + (1 - 2y 5 + 2 x 3 tan p) 2 ^] 3 / 2 ^ 


> dx. 


(13) 


The first term of equation (13) represents flux direct from the opening; the 
integral represents flux from the walls. 

Region II. - Region II is bounded by the relation 


W T 


“P + (x 5 - L) tan p < y 5 < — + 


W L *5 - L W L + 


(14) 


The flux at point 5 is given by the relation 


= 1 

\ n l / 2 


yi - ^5 


1 + 2y 5 


111 2 ^ 4x l + (1 + 2y 5 }i 


+ 2 



n(x 3 ) 


( x 5 - X 3A 


1 


1 + 2y 3 + 2x 3 tan p 


^(x 3 - x 3 )^ + (l + 2y 5 + 2 x 3 tan p)^] 


3/2| 


►dx 3 (15) 


Region III. - Region III is determined by the relation 


W L x 5 - L(W l+ 1\ 
y 5 - 2 + 2 


(16) 


The flux at point 5 is given by 
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(17) 



(x R - x. 


1 + 2 y 5 + 2 xg tan p 


p 2 _ _ 2— -3/ 2i 

[4(x 5 -x 3 ) + (l+2y 5 + 2 x 3 tan p) J J 


>dx. 


where the limit 



X 3 

is given by 
1 


1 4. 

x 5 - L 

tan 

± 1 

y 5 - <V 2 > 


r 

- 

1 

Wl 

tn 

i 

t*l 

i 


1 

i — 1 

+ 

,1^ 

\ 

~ j-j ~ 

V 

/5 " (W l/ 2) J 


L 2 J 

f 

> 


( 18 ) 


Since there is no direct flux contribution from the inlet, equation (17) rep- 
resents only flux from the one wall. 


Region IV . - Region IV occurs for the convergent case when the location of 
the plane x 3 is beyond the point of intersection of the extension of the side 
walls; that is, for 


x 5 > 


2 1 tan p| 


(19) 


where | tan p| is the absolute value of the tangent of p, the half -angle of 
convergence. In plane x 5 then, the limit for region IV is 

0 < y < x_ | tan p | - i (20) 


The flux at point 5 in region IV is given by 

*L - 2 ^5 


n 5^5) = 1 
2 


n. 


W L + 


[y 4 (x 5 - L) 2 + (W l - 2 y 5 ) 2 / 4 (x 5 -L) 2 +(W L + 2 y 5 ) 2 J 


( 21 ) 


The foregoing series of equations for the radial and plane flux values were 
programed for solution on an IBM 7094 computer. Values of the wall flux 
n(x 3 )/n-^ required for the numerical integrations were obtained from refer- 
ence 10. 


Relation Between Radial and Plane Flux 


Since the total particle flux through a small area is the 
contributions from the various inlet and wall areas, it can be 


summation of 
seen from 
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sketch (d) that, 


near the slot exit (i.e., in the near field), there is no 

simple relation between the total flux 
through two differential areas located at 
the same point (x^, yg) but at some angle 

to each other. For instance, particle tra- 
jectories labeled 1 and 2 in sketch (d) 
pass through the differential area dy but 
not through the differential area R dcp. 

On the other hand, particle trajectory 3 
passes through area R d9 but not through 
dy. Thus, the near-field flux through 
R d9 and dy are not simply related. Far from the slot exit (i.e., in the 
far field), however, particle trajectories that pass through area R d9 also 
pass through dy. Since the area dy is related to the area R dcp by 
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R dcp = dy cos 9 


( 22 ) 


the radial flux in the far field is simply related to the plane flux at the 
same point. The relation is 


n(y) = n(cp) cos cp 


(23) 


Another far-field relation may be developed from the geometric quantities 
shown in sketch (e). From the sketch it can be seen that Rp/Rg = cos 9 and 

dy cos cp = Rg dcp, so that R^ dcp = cos 2 9 dy. Thus, the 

flux through a point on the plane x - L is related to 
the radial flux at the same angle, for Rp = x - L, by 
the equation 



[ n(y 5 ) ]x-L = O i( ' p, ]k 1 «-l cosi 
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(24) 


Centerplane Flux Parameter 

A parameter that is useful in indicating the approach of the centerplane 
flux (i.e. , at cp = yg = 0) to its far-field value is the product K[n 5 (0)/ ni ]. 

The asymptotic value of ng(0)/np, obtained from equation (3), or (13), as x^ 
becomes large is (for region I) 


n=(0) 


n n 


" 2R 

x,>> L 


1 + 2L tan (3 


n(xO 


n n 


(25) 


/s 

where n(x^)/n^ is the average wall flux; that is, 
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RESULTS AND DISCUSSION 

The calculated angular distributions of particle flux at various radial 
distances from the slot exit are presented in table I. Values of flux on the 
centerplane (9 = 0) are given in terms of the ratio to the inlet flux 
[~n(0)/n-|~| , while values at angles cp other than zero are normalized to the 
value on the centerplane at the same radius n(cp)/n(0). 

The calculated distributions of particle flux at various distances from 
the centerplane, in planes located at several distances downstream from the 
slot exit, are presented in table II. As in table I, values of flux on the 
centerplane (y = 0) are given in terms of inlet flux n(0)/n]_, while values at 
distances y other than zero, are normalized to the value on the centerplane 
in the same plane n(y)/n(0). It will be noted that the y-coordinate listing 
in the table is given as the ratio y/(x - L). This parameter was chosen be- 
cause a particular value of y/(x - L) corresponds to the same angle from the 

centerplane regardless of the location of the plane 
downstream from the slot exit (see sketch (f)). In 
the far field, the normalized flux n(y)/n(0) at a 
particular value of y/ (x - L) is independent of 
downstream distance. 


(f) 
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Flux Distribution Along Centerplane 


Values of the flux along the centerplane n(0)/nq obtained from either 
table I or II are shown for the various configurations in figures 2 to 4. In 
figure 2, values are shown for parallel -walled slots (p = 0) of various length 
to inlet width ratios, L/w . Near the exit, the flux is highest for the lower 


values of 
comes less 


fn(0) 

1 

. n l 

2R_ 


L/Wq. As the distance from the slot exit increases, the flux be- 
dependent on L/w^ and approaches the theoretical value 

obtained for a slit source at large distances from the source. 


The variation of flux with distance from the slot exit for L/W-^ = 4 is 
shown for various wall half-angles in figure 3. Close to the slot exit the 
flux is higher for the less divergent wall half -angles, p. Also, it is appar- 
ent that the flux from various slots does not approach the same limit in the 
far field. The lower line of figure 3 shows the direct flux contribution from 
the slot inlet, that is, the flux that has arrived at the centerplane without 
having had a collision with the slot wall. The 75° divergent slot has cen- 
terplane flux values nearly equal to those obtainable from the inlet directly, 
indicating that the contribution from the walls is very small for wall half- 
angles of this magnitude or greater. It is also apparent from figure 3 that at 
any particular distance from the exit of a slot there is a particular wall 
half-angle that will give a maximum value of the flux n(0)/nq. This feature 
is shown more clearly in figure 4, wherein centerplane flux is plotted as a 
function of wall half-angle for various distances from the slot exit for all 
the length to width ratios examined. The wall half -angle that yields the max- 
imum flux increases (i.e. , is more divergent) as the distance from the slot 
exit increases; however, the maximum is not very pronounced at large wall half- 
angles- 


Shown in figure 5 are some typical variations of the product R [n(0)/n^ 
with distance downstream. The value of Rjn(0)/nj approaches its far-field 

limit more rapidly for smaller values of L/Wq (fig. 5(a)) and for the less 
divergent slots (fig. 5(b)). 

The far-field limiting values of the flux parameter R |n(0)/nqj may be 

calculated from equations (27) and (29). Values of the average wall flux 
n(x 3 )/nq, required in equation (27), were calculated from the wall flux dis- 
tributions in reference 10 and are shown in figure 6. 


t[n(0)/nj 


are shown in fig- 


The resulting far-field limiting values of R| 
ure 7 as functions of L/Wq and p. The maximum value at any particular ra- 
dius R is obtained with divergent slots. 


Far-Field Flux Distributions 

Some typical variations in the far-field flux patterns of the different 
slot configurations are shown in figures 8 to 10. In figure 8, results are 
shown for parallel-walled slots of various length to width ratios. A beam- 
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collimation effect resulting from increasing L/W-^ is apparent. 

The far-field radial flux patterns for 20° divergent and 20° convergent 
slots are shown in figures 9(a) and (b) , respectively, for various length to 
width ratios. The discontinuities in slope of these curves occur at the bound- 
aries at the three different flux regions. The normalized flux follows the 
cosine distribution law out to the angle cp = | p| . Beyond this angle, the flux 
drops below the cosine pattern. Again, the longer the slot, the more colli- 
mated is the resulting beam. The divergent slot results in a more collimated 
beam than the convergent slot. 

The far-field flux patterns for a particular length to width ratio 
(l/W-^ = l) , and various angles of divergence and convergence are shown in fig- 
ures 10(a) and (b). Again, the flux pattern follows the cosine distribution 
law out to the angle cp = |0| and drops below the cosine pattern more rapidly 
for the divergent than for the convergent configurations. 

The representative plots thus far presented have been radial flux pat- 
terns. As shown in equation (23), the radial and plane flux: values at a point 
are simply related to each other in the far field. Similarly, values of n(y) 
and n(cp) for x - L = R are simply related as shown by equation (24). Com- 
pared in figure 11 are far-field values of the flux n(cp)/n(0) obtained by 
direct calculation (table I) and as determined from equation (24). The excel- 
lent agreement shows that the tabulated values were made out to large enough 
distances to be in the far field at all angles from the slot centerplane. 


Near -Field Flux Distributions 

Some illustrative flux distribution patterns in the near field are shown 
in figures 12 to 14. Radial flux patterns for the parallel-walled slot of 
length to inlet width ratio of 8 are shown in figure 12. An abrupt change in 
the slope of the flux curve is apparent at the boundary between regions I 
and II. The small maximum in radial flux curve at cp > 0 for a small R was 
unexpected, but its existence is verified by differentiation of equation (3) 
for the case of 0=0. This yields the relation 



which shows that the slope is small but positive at cp = 0 and approaches zero 
as the radius increases. The flux in planes at varying distance from the slot 
exit for this same configuration are shown in figure 12(b). This figure shows 
clearly the large variation in flux distribution as distance downstream from 
the exit is varied. 

Near-field flux patterns for a convergent slot of L/W-^ = l and 0 = -20° 
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are shown in figures 14(a) and (b). The behavior of the patterns for this con- 
vergent case differs from that for the divergent slot shown in figure 13. 

Within the angle cp < | p| , the normalized flux (fig. 14(a)) drops below its 
final far-field value and then rises, while for the divergent slot (fig. 13(a)) 
the relative flux continuously approaches the far-field value. Comparison of 
figures 13(b) and 14(b) also shows that, for a range of y/(x - L) values, the 
flux distributions are much more widely spread for the divergent slot than for 
the convergent slot. 


Other Considerations 

The directivity of the molecular beams emerging from slots of different 
L/Wj_ ratios is illustrated in figure 15, which shows the far-field flux pat- 
terns for divergent slots with p = 20° and varying L/W^ values. The curves 
are different from those of figure 9(a) in that the flux from the zero-length 
slot is used as the reference for all the relative flux values, so that a true 
comparison of the relative flux is obtained when the inlet flux density is the 
same. 


A similar comparison for slots of L/W-^ = 4 and varying wall half-angles 
is shown in figure 16. The highest flux in the central portion of the beam is 
obtained with a wall half-angle of about 20°. However, the 10° and 30° wall 
half-angles are only slightly below this maximum flux level. The trend for 
other L/W-^ slots would be similar, with the maximum flux occurring at 
slightly different wall half-angles as illustrated in figure 7. 


CONCLUDING REMARKS 

Equations for the determination of particle flux at a location downstream 
from the exit of convergent and divergent two-dimensional slots under free- 
molecule conditions have been derived and solved numerically. Slot configura- 
tions include length to jnlet width ratios from 0. 25 to 8 and wall half-angles 
from 75 divergent to 60 convergent. Flux distribution patterns at various 
distances from the slot exit are presented. Patterns are calculated in two 
ways: (l) variation with angle at constant radius, and (2) variation with dis- 

tance from the centerplane in a plane normal to the flow direction. 

From typical illustrative plots of the calculations, the following fea- 
tures of the particle flux were evident: 

(1) Values of flux along the centerplane for the parallel-walled slots are 
highest for small length-to-width-ratio slots initially and become less a func- 
tion of the length to inlet width ratio as the distance from the slot in- 
creases. 

(2) There is a particular wall half -angle that yields a maximum in the 
centerplane flux at a given distance from the slot exit. This angle becomes 
more divergent as the distance from the slot increases; however, the flux is 
not sensitive to wall half-angle variations at the larger distances. 
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(3) Far-field limiting values of the function Rjja(0)/nJ are approached 
in shorter distances the smaller the length to inlet width ratio of the slot 
and the more convergent the slot. 

(4) The beam is more collimated the larger the length to inlet width ratio 
of the slot. 

(5) A divergent slot yields a more collimated beam than a convergent slot 
of the same length to inlet width ratio and the same wall half -angle. 

(6) Far-field distribution patterns of both convergent and divergent slots 
follow the cosine distribution law out to angles equal to the wall half-angle 
and then drop below the cosine law pattern. 

Lewis Research Center 

Rational Aeronautics and Space Administration 
Cleveland^ Ohio, June 12 ; 1964 
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APPENDIX A 


SYMBOLS 


A area 

L length of configuration 

l length of line 

n flux or arrival rate, number/ (area) (time ) 

ri ( ) / n x avera S e wall flux 
radial distance 
inlet width of slot 
exit width of slot 
axial distance from slot inlet 
lateral distance from slot centerplane 

upper limit lateral distance from slot centerplane in plane of 
opening (see sketch (i)) 

lower limit lateral distance from slot centerplane in plane of 
opening (see sketch (i)) 

half-angle of slotj positive for diverging and negative for con- 
verging slot 

angle between surface normal and line 
angle between R and slot centerplane 

Subscripts: 

a,b general points 

in inlet 

w wall 

1 inlet plane 

2,3 wall 

4 exit plane 


R 

W I 

W I 

X 


n 


e 

9 


14 


5 


beyond exit plane 


Superscript: 

( ) nondimensionalized quantity, divided by the inlet slot width 


i 
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APPENDIX B 


DERIVATION OF FLUX RELATIONS 


The equation from which all flux relations herein are derived is the dif- 
ferential line-element source relation: 


dn b = 


n a cos 0 ab cos 0 ba 


21 


ab 


d y a 


(Bl) 


As illustrated in sketches (c) and (d) there are four possible regions in 
which a point; at which the flux is to be determined; may lie. The flux equa- 
tion is different for each region and for different orientations of the flux 
area. 


Radial Flux Relations 

I. Refer to figure l(c). Point 5 is in region I, which is bounded by 

W T 


0 5 ^5 < -jr + ( x 5 “ L ) tan 3 


A. Inlet. 


^5 

n l 


/» W/2 

J- W/2 


cos cos e 


51 
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Substituting the following geometric relations 

,2 2 / n2 

Z 15 = X 5 + (y 5 ' y l } 


(B2) 


(B3) 


cos 6. 


15 l 


15 


... ^3^) . 3(333 i) 

into equation (B3) yields 


16 


-Wj/2 

? ' f 
111 / , 

^-V 2 


s[ x 5( x 5 ~ L ) + ys^ys ~ yi) 

L/2 2E [*1 + <^5 - V 2 f 2 


(B4) 


Integrating equation (B4) and nondimensionalizing yields 

(?) 


1 ^ 5^ 5 + ( x 5 " ^) (*^ + 2ys ) - 2x^y^ 


m 


+ (1 " 2 ^5) 2 + (1 + 2y g ) 2 J 


(B5) 


All barred quantities are nondimensional variables made dimensionless by 
referring them to the inlet width W^. 

B. Wall. The flux at point 5 from one wall is 

L 

i 3 (x 3 ) cos e 35 cos e 55 


(?) 7 5 
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35 


sec 3 dx 3 


(B6) 


Substituting the following geometric relations 


cos 9 


35 


y 5 ~ y 3 

l 55 


X 5 " X 3 

cos 3 + — j — — sin 3 


'35 


cos 9 


53 


y 5 “ y 3 . 


35 


X 5 “ X 3 
sin cp + — cos cp 

L 55 


-35 ~ v 5 3 

into equation (B6) yields 


2 3 h = ( x k - x 0 2 + (y 5 - y 3 ) 2 


I 

l j 

f n 3( x 3) 0 

WA, j 

2 

H 

1 


2 Q x 5 - x 3) 2 + (ys - ys) 2 ^ 


• dx. 


(B7) 

Noting that y 3 = - (W^/2) - x 3 tan 3 and nondimensionalizing the re- 
sulting equation yields the wall contribution to the flux: 
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n 5^ X 5^ 

n l 


X< 


(1+ 2y 3 + 2 x 5 tan (3) (l+ 2y 3 + 2x 3 tan p) sin 9+ 2(x 3 - x 3 ) cos <pl I 

U — >dx^ 


[4(x 5 - x 3 ) 2 + (l + 2y 5 + 2x 3 tan p) 2 J 


,3/2 


(B8) 


This is the contribution from one vail only* The contribution from the 
other vail to the flux at point 5- is obtained by making the substitution 
y^ = - y^ into equation (B8). 

II. Point 5 is in region II, vhich is bounded by 


W- 


W, 


L + (x 5 - L) tan p < y 5 < + — 


x^ - L / ¥ t + 1\ 


(B9) 


A. Inlet. The flux at point 5 from the inlet is similar to equa- 
tion (B4) with a different upper limit y^, as may be noted in sketch (g). 

Integration of equation (B4) with the upper limit 
of y£ yields 



5 \ _ 1 J (x 5 ■ L )(y[ - y 5 ) + x &5 


n 


2R 


m 


(g) 


}Rs + ( h - y 5> : 




(x 5 - L)[(¥ x /2) + y 5 ] - x 5 y 5 


+ [(¥^2) + y g ]2 J 

Expressed in nondimensional form, the contribution from the inlet is 
(x 5 -L) (yj_ - y 5 ) + x 5 y 5 (x 5 - L) (1+ 2y 5 ) - 2x 5 y 5 


(BIO) 


n. 


'in 


1_ 

2R 


|/x 5 + (yp - y 5 ) 2 |/ 4x 5 + C 1 + ^5) 2 


(Bll) 


vhere 


W T 

y ±~ 2 ■ L 


y cr - (w t /2) 


x 5 - L 


(B12) 
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B. Wall. The flux at point 5 comes from one wall only and. is given 
by equation (B8). 


III. Point 5 is in region III, which is bounded by the relation 





A. Inlet. There is no contribution from the inlet. 


(B13) 


B. Wall. The flux from the wall is similar to equation (B8) with a 
different lower limit x^, as may be noted in sketch (h). Thus, the con- 
tribution to the flux at point 5 from the wall is 



n 3( x 3) 

n l 


1(1+ 2y 5 + 2 x 5 tan p)f(l + 2y 5 + 2x 3 tan p) sin qp + 2 (x 5 - x 3 ) cos 9*1 ] _ 

— — >dx, 

[4(^5 - x 3 ) 2 + (l + 2y 5 + 2 x 3 tan p) 2 ]] 


(B14) 



IV. Point 5 is in region IV, which is defined by the conditions 


(B15) 


X 5 — 


2 1 tan p | 


(B16) 


and 


W- sec 9 

0 < tan 9 < I tan pi — 

“ 2R 


(B17) 
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A. Inlet. The flux at point 5 from the inlet will be similar to 
equation (B4) with different upper and lower limits, as may be noted in 
sketch (i) , where 



Integration of equation (B4) with lower limit y" and upper limit y^ 
yields 


V n l/ in _ 4R 


W 1 + D W l/ 2R) sec 9 - tan 2 |/l+ [(Wl/ 2R) sec cp+ tan cpj 


(B18) 


B. Wall. There is no flux from the walls to region IV. 


Flux Relations for Planes 


I. Refer to figure 1(d). Point 5 is in region I. The hound for region I is 
given by equation (B2). 


A. Inlet. The flux is given directly (ref. 9): 

1 - 2y 5 1 + 2y 5 


m 


y 4 ? 5+ (1 - 2y 5 ) 2 |Ax| + (1 + 2y 5 ) 2 J 


(B19) 


B. Wall. The contribution to the flux at point 5 from one wall is 

►L 



3 ) COS 0 35 COS 0 53 
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sec p dxj 


(B20) 


35 


Substituting the following geometric relations 


cos @35 = 


_ y 5 - 7 


'35 


3 Xr - X3 

- cos p + — — sm p 

Z 35 
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cos <?_„ = 


x 5 “ x 3 


53 Z 


35 


Z 35 ^ X 5 " X 3^. + (y 5 * y 3^ 


into equation (B20) yields 


/ n 5> 

l-| 

( n 3^ x 3^ ( x 5 

- x 3) 

[y 5 - y 3 + (x 5 - x 3 ) tan p] 

\ n l ) 

1 | 

[ (X 5 

- * 3 ) 2 + (y 5 - y,) 2 ] 

3/2 


dx 3 (B21) 


Noting that y 3 = - [[(W^/2) + x 3 tan p] and nondimensionalizing the re- 
sulting equation yields the wall contribution to the flux: 


( n J\ 

'■■’J 

r _ 

| n 3( x 3) 

(x 5 - x 3 )(l + 2y 5 + 2 x 5 tan p) 


\ n lJ 

f n i | 

r\ 

[4(x 5 - x 3 ) 2 + ( 1+ 2y 5 + 2x 3 tan 6 ) 2 J 

|3/2 


0 


(B22) 


The flux contribution from the other wall is obtained by substituting the 
relation y = -y into equation (B22). 

O 

II. Point 5 is in region II. The bounds for region II are given by the re- 
lation (B9). 

A. Inlet. The flux at point 5 from the opening is (see sketch (j)) 



The integration is identical to that em- 
ployed in obtaining equation (B19) except for 
the different upper limit. Integration of 
equation (B23) yields 


©. -i 


y i - y 5 


(Wq/2) + y 5 


— ' ; 2 + — — ■ — - ■■■ ' — — - — 

y*l + (yi - y 5 ) 2 [(Wq/2) + y 5 ] : 


(B24) 
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Putting equation (B24) into nondimensional form, related to W-^ yields 

- y 5 . 1 + 2 ^s 


(?) ■ * 
m 


|/x| + (y{ - y 5 )^ + (1 + 2 y 5 ) 2 


(B25) 


where 


W T 

— t L 7 - 

y x = — - L 


y 5 ~ ( V 2) 

x 5 - L 


(B26) 


B. Wall. Only one wall contributes flux to point 5 in region II. 
The flux is given by equation (B22). 

III. Point 5 is in region III. The bound for region III is 


W- 


^5 — ~~Z + 


L . x 5 " L 


(i^) 


;B27) 


A. Inlet. There is no contribution to flux from the inlet. 

B. Wall. The wall contribution to the flux is similar to equa- 
tion (B22) with a different lower limit xj ; similar to the situation 
illustrated in sketch (f). The relation is 



^ r . ; 3 , 


n n 


X 


1 + 2 y^ + 2 x^ tan (3 


4(Xe 


v \2 


) 2 + (I + 2 y 5 4 2 x 5 tan p) 2 j] 


3 / 2 1 


dx. 


(B28) 


where x' is given by equation (B15). 
o 

IV. Point 5 is in region IV. The bounds for region IV are given by the re- 
lation (B16) and 


0 < y 5 < x 5 l tan 3 1 - 1 


(B29) 


A. Inlet. The flux at point 5 from the inlet (see sketch (i)) is 
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(B30) 



COS 0-1 COS 0 C -. 
lb 51 


21 


15 


- dy n 


Integration of equation (B30) is identical to that for obtaining equa- 
tion (B24) except for the different limits. Integration of equation (B30) 
yields 




+ y 5 

t'*i + (y'i + y 5 > 2 


(B31) 


The geometric relations 


y 5 ~ L _ X 5 

(V 2) “ y 5 y l " y 5 


(V 2 ) + y 5 


y l + y 5 


(B32) 


(B33) 


can be used to rewrite equation (B3l) in nondimensional form: 



W L - 2y 5 


W L + 2y 5 


f/l(x -L) 2 + (¥ - 2y ) 2 f^4(x - L) 2 + (W + 2y ) 2 


(B34) 


Comparison of equations (B34) and (B19) indicates that equation (B34) is 
identical in form to the expression for flux that would arrive at point 5 
from the exit alone as the source having the same emission rate as the 
inlet. 

B. Wall. There is no wall contribution to the flux at point 5 in 
region IV. 
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TABLE I. - CALCULATED ANGULAR DISTRIBUTIONS OF PARTICLE FLUX AT VARIOUS AXIAL DISTANCES FROM SLOT EXIT 

(a) Length to inlet width ratio, 0.25 
(a-l) Wall half-angle, 0° 
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(a- 5 ) Wall half-angle, 30 { 
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TABLE I. - Continued. CALCULATED ANGULAR DISTRIBUTIONS OF PARTICLE FLUX AT VARIOUS AXIAL DISTANCES FROM SLOT EXIT 

(b) Length to inlet width ratio, 0.50 
(b-l) Wall half-angle, 0 


oooooooooooo 

oooooooooooo 

oooooooooooo 


- — « — < — < — i— < — i— < — « 

OOOOOOOOOOOO 

OOOOOOOOOOOO 

OOOOOOOOOOOO 


OJ— 4^^— 1—4^— 4-4,— —4,^ 

OOOOOOOOOOOO 

OOOOOOOOOOOO 

OOOOOOOOOOOO 

OOOOOOOOOOOO 

oooooooooooo 

• ■•••»•••••• 

oooooooooooo 


r*-fors(cs(fM(M(Mrsi(V)(StfsitNj 

OOOOOOOOOOOO 

OOOOOOOOOOOO 

OOOOOOOOOOOO 


comrgtM— <- j— <— < 
OOOOOOOOOOOO 
OOOOOOOOOOOO 

OOOOOOOOOOOO 

«4f1COf~'C'0'0'C'0'0'0'0 

4-r-tOOOOOOOOOO 

OOOOOOOOOOOO 

OOOOOOOOOOOO 


®' , < 1 ®» 0 ' 0 ' 0 lAlAtntAlAlA 

in-40000000000 

oooooooooooo 

oooooooooooo 


0-40000000000 

-400000000000 

oooooooooooo 

crrofM—i— i— i— i-<— tr-< 
-<00000000000 

oooooooooooo 


•OnJ-(SJ-4-4— 4-4-4— 

(MOOOOOOOOOOO 

oooooooooooo 


mcrcrrO<Ni-4— 4— 1-4-4— i 
^m-4-4-4-4-4-4-4-1-4-1 

oooooooooooo 

............ 

oooooooooooo 

OXlf^OgMMOJMNMM'Ni 

oooooooooooo 

oooooooooooo 


moooooooaooo 

oooooooooooo 


Opr,^-fNJfM-‘—<—<— <-'—'-< 

®s-<oooooooooo 

oooooooooooo 

vO — <0000000000 
oooooooooooo 


p-rvjoooooooooo 

oooooooooooo 


r»r0-4ooooooaoo 

oooooooooooo 

j-w^Nm^oO'WOcoco 

mr^fMO'r-r-f'-'O-o^O'ONO 

r-rM^000000000 

oooooooooooo 


N^OlflO'rtOO'CDffiSN 

mrg^O'NN^yO'O'O-O-O 

r-m-40000ooooo 

oooooooooooo 


>omr-.tf-miA-«oo®®® 

®vf-4-400000000 

oooooooooooo 

®'f'0’-‘N«'OGDSN»0-0 

<M00v#-r\l-<-<0000O 


N-<-lOOOOO 

co^rsi — -.-.- <_i— i,^ 


(00'®N"J5'(41^00'0'® 
^)iAin®r<^-^-.-4^000 
®a<nj— <-»-4~h— <— <— ' — — > 

oooooooooooo 

o 

oooooooooooo 

*0 

C\J 

o 

oooooooooooo 

N'fOO'OCOflOO'COCOCd 

COf'-O-^C^h-r-r-NO'O'O'O 

0 

ocoaDOin— <inrsi— < 00 ' 0 ' 
a'fNicsj'oa'aoF-r^-r-r-'OvO 

r*-'j--*>*oonj®'Oinin'j- 

ONCMPOO'ONNMWN 
0'0<"nf\Jf\Jr-4— 4— 4-rf— 4— 4— 4 

oooooooooooo 

2> 

oooooooooooo 

faO 

OOOOOOOOOOOO 

rflNl/\'4 , ff'®NN'0'0«0'0 

<7'r-^-pnrs*fSiCN4fNJ<M(ViCM<N 

oooooooooooo 

cd 

u 

r— 1 

cd 

xj 

r-O— *P“COoaa > tnro<M--— < 
minOinocopr'-p-r-pr-- 
crr»'4-('^^r4<M<N<Nir\jfM<M 

oooooooooooo 

cd 

i 

<p 

<—i 

cd 

x; 

— <>J-®'0P'J-<\J'0'l'f\J<N — < 
O'MTmmi’UMINJMMNM 
OOOOOOOOOOOO 

r-®P'Oin'i"'ro'r-x>inin 

inHONf'JO(7'£0®®mffi 

O'C0sO-r'4-'J“mrOfO(^(^iro 

oooooooooooo 

<— i 
H 

1 

Of*»'OOP , '4'fMI , “>4 , f r ><NfNJ 

'OminO^^OO'ff'O'O'^ 

O'OO'OlTi^sJ-^-rof^mrnm 

OOOOOOOOOOOO 

i—i 
r— 1 

cd 

13 

(MONfnNOrO'OIMHO^ 
•©NOOinr-mM-*^— 4 — <0 
o®'Oin>4*>rg-'i->r>j->J->r 

OOOOOOOOOOOO 

cr co a- vO inininininininm 
oooooooooooo 

K3 

r-o®r-— lo-ooininuiin 

0'crr''0'0uMrir<^irarMP 

OOOOOOOOOOOO 

& 

0'0'Offl®^0'0®^®N 
r—C\JO<— LA— <00®®®® 

oo®r-'0'CiAininiAiAiA 

OOOOOOOOOOOO 

m®N-<^®^'-<®S'0'0 

ly^eONO'O'fl'O'O'O'O'O 

oooooooooooo 


inO®tf\NSf<\>Oi^rgrJO 

©m^r-or-'Oinipirinin 

oooooooooooo 


UMAO^MO-INJ®®^^ 
®vj-vo®iA<Mocr«ro®® 
O C7* ® P- P P ^ ® ® O ® ® 

OOOOOOOOOOOO 

c0if\0'f f >oo^'4'f^f r \( r 'r^ cn 
O'croDoor^p^r^r-f^r^r^r- 

oooooooooooo 


00'«ONN(flN®M-<0 

a'lAO'inoP'Oininininin 

oooooooooooo 


— vj-aor-cc-®r'-a''l-<\i— i— . 
O' ® O IP M - • O O O O O O 

ooo®to®®ppppp 

OOOOOOOOOOOO 

^■'J-h'<Tr r l0'CD^O0'0000 

Or-"iOr-g-( < \rcimrsjcg(N 

a'O'O'CJ'Ooajoocoooooaox) 

... «.««***•« 

oooooooooooo 


inn-— 4-4.nin— <inr\jocro 
000*0®®®®®®®® 
oooooooooooo 


inosinr^®®- < o o O o 

O ® ■>$■ — *0®®®®ppp 
OOOO®®®®®®®® 

oooooooooooo 

f~co— laoommminNj-mm 
owr-intncorg — — • 

P'PP'D'P'0'0'C>(M3'PP' 

«••«•••••••• 

oooooooooooo 


ffionPHMfimou 1 ®® 

P'P'P'0'0'0^0'P'P'C s P'0 N 

oooooooooooo 


c i or^®'nsrsr<r-4*'rNj-'i‘ 

O'- O' O' O' O O' 0 s * 0 s O' O'* O' o 

oooooooooooo 

Ch^-rocrr-vO-O^fV*— *^0 
C7'0'<T'coootDOoaoao®cooo 
W'(TP l O'(7'O'CJ'(?P , P'0'C7' 

.. ....«.«... 

oooooooooooo 


c^r^mcrr-vO'OirNcnLAknini 
C7* cT> CT' tr CT' (7^ CT Ch O' (7 1 

oooooooooooo 


(7'®^'0®'0>oiAiAinin® 

o'{r(7'0't?o'(T'!?(rp(?cr 

oooooooooooo 

lAM3«COin®00000 

-<NBM\N)rt-iOOOO 

pincitM^OOOOOOO 

• ••••••••••• 

OOOOOOOOOOOO 


0.69649 
0.66722 
0.38888 
0.22920 
0. 12405 
0.06444 
0.03282 
0.01656 
0.00832 
0.00417 
0.00209 
0.00104 


'TOPOO'-J'MtMJ'O®® 
fn'0<'0-4®iNj®Oinm— iO 
«0'C<N>0'Omr'®>rrg-< 
OlACO(^i(M>OrA— 40000 
OlAmrs* — OOOOOOO 

OOOOOOOOOOOO 

tAOOOOOOOOOOO 

njinOOOOOOOOOO 

OO^N-tm>0PJ'tffl'0N 
H ^ « N IT -♦ 

nj in 


OOOOOOOOOOOO 

(MAOOOOOOOOOO 

oo«-<<s*'j'®-o(N>r®'OcM 
® ® M ^ 

-* <s> m 


AOOOOOOOOOOO 

AllAOOOOOOOOOO 

OO^N't®'0iV>ta3®N 
-4 m ® f\i in — < 
— 4 fsi in 




CO 



rO— 

OOOOOOOOOOOO 

OOOOOOOOOOOO 

OOOOOOOOOOOO 



>0 



S g-fnNCMNNNNNNfsl 
OOOOOOOOOOOO 
OOOOOOOOOOOO 

OOOOOOOOOOOO 



'f 



mmcy'r-r-f-'O'O'O'O'OvO 
fA — OOOOOOOOOO 
OOOOOOOOOOOO 

OOOOOOOOOOOO 



m 



co-r-^r-'Oinininininmtn 

^rnrg-4-<-4-4— <-<— <-4-4 

-400000000000 

OOOOOOOOOOOO 



in 

At 



r-m®c>®inminininsf'i- 

-gN^MNNNNNNMN 

-OOOOOOOOOOOO 

OOOOOOOOOOOO 



fSJ 

5 


't'OOo-^m-on.nnLnin 

-t'j 1 

0-40000000000 

oooooooooooo 

0 


in 

X 

\ 

>= 

o' 

G 

^0'-40®< r l-400'0'0'P 
-4mr\iO'r— r-'-r-r-'O'O'OsO 
PfM-^OOOOOOOOO 

OOOOOOOOOOOO 

c 

cd 

H 

a 

0 


\f\ 


V 

-4in'd-r-omo®Pr-r-P- 
O in ® H N H - 400000 

00®— <-4— <—■—<—<— <—<— <—< 

OOOOOOOOOOOO 

S 

o 

o 

e >» 

Pi 

m 

rg 

a 

Sg 

0 

P> 

r-— 4®— 4 ®p»pp«O'O'D'0 

B<nN(M-4H^^-iH^^ 

oooooooooooo 

u 

0) 

o 

X 

- 

0 

O 

0 

p 

— 4®^-(7'fn®njoOPOOin 
NP'njNO'NNO'O'O'O'O 
a'« 0 'i-fnnjpgc\irg(M<Nrgrg 

oooooooooooo 

cd 

p 

w 

•H 

Q 


® 

0 

> 

■H 

P> 

cd 

—<0'mosor-0'm<*><N-4-i 
mO'S'O— 4^®®®®®® 
0'Mn'fv)-Kim(4wnmw<4i 

oooooooooooo 




0 

X 

0 

KingBMnin^fflN®® 

C 7 '®r-®inininininminm 

oooooooooooo 



in 



®c\*f\j— 4®^nnMMnjNN 
oooooooooooo 






mffliMMMOOinmNH- 

CO'J-COO'0'J-rOf\JfN<N<N<\l 

O'O'TOror-r-PPr'-p-n-r- 

oooooooooooo 



m 



g-jmin(N(\j(MMn^cnfn 
or-mc^mOcM^— 4 — 4 - 4— 4 

oooooooooooo 



nj 



Nr-or-N'Mno ®^'00 
C'ffiPinrn — <000 OO'O' 

0'(T'0-p'0^p^o s O'»eoeDco 

oooooooooooo 



- 



crr-fMO'r^r^cJ'infnfM— <— < 
0 ' 0 ' 0 '®®P-' 0 ' 0 ' 0 > 0 'Q '0 
OC^OCT'(J'Cr{7'C7'(^C^O'C7' 

oooooooooooo 

i 0 


O 


rH 

-rin'T®N'j®o®oin® 


P P 



or nj'- 4 inNinNt 7 'CT , cr 

0 C ! 

x cd 

0 X 


Psicnomr-oomr-m — 40 

■p cd : 

P H 

(OH d 


fMPCD— 1 — 4'Ocn-^OOOO 

GrIH (t 

> C iH O 

r-ir'mrg— looooooo 

0 a<w u 

■H tI <P 

-P 

'c’ 

oooooooooooo 

i— l 1 

0 


IP 

inooooooooooo 

cd CQ 

U E -P -P 


(Minoooooooooo 

•ri «H 
X Xi 

C O O t- 

cd fG 1-1 ^ 


X 

oo-<nj»t®®(M^®®ni 

| -P <P 

CO 0 | 

— 4 ftl (\l A — 1 

—< eg in 


28 





(Id-5) Wall half angle, 30 ( 
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TABLE I. - Continued. CALCULATED ANGULAR DISTRIBUTIONS OF PARTICLE FLUX AT VARIOUS AXIAL DISTANCES FROM SLOT EXIT 

(c) Length to inlet width ratio, 1.00 
(c-1) Wall half- angle, 0° 
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-5 ) Wall half-angle, 30 
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TABLE I. - Continued. CALCULATED ANGULAR DISTRIBUTIONS OF PARTICLE FLUX AT VARIOUS AXIAL DISTANCES FROM SLOT EXIT 
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(d-5) Wall half-angle, 30 ( 
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TABLE I. - Continued. CALCULATED ANGULAR DISTRIBUTIONS OF PARTICLE FLUX AT VARIOUS AXIAL DISTANCES FROM SLOT EXIT 

(e) Length to inlet width ratio, 4.00 

(e-l) Wall half-angle, 0 ° 






f\l— *—*-40000000o] 





OOOOOOOOOOOO 


® 



oooooooooooo| 





OOOOOOOOOOOO 





®m(M-*-4-4~*-4-*-4-4-4 





OOOOOOOOOOOO 


vO 



OOOOOOOOOOOO 





OOOOOOOOOOOO 










(NImOOOOOOOOOO 





OOOOOOOOOOOO 





OOOOOOOOOOOO 





<nin4-o®f^r*>o<0'«0'OH5 





Crrg -*^00000000 





OOOOOOOOOOOO 





***•••**♦••• 





OOOOOOOOOOOO 





-» h. in ® >j> rg — <00000 





rO^-rsi-*-*-*— 





njOOOOOOOOOOO 


cm 








OOOOOOOOOOOO 








I— 1 


— *<y>>rmr\jrg<\»-4 — *— * — * —* < 


rg 



OOOOOOOOOOOO 





OOOOOOOOOOOO 



1 


ocHO'h-4D-*ccr^g3^>min 

* 

*n 

X 

O 

CT'in-O'l'mfnrgrgrsjrsjrgrg 

£ 


V 



c3 




OOOOOOOOOOOO 

’p* 


ft 


inr-'4-o s mm-<0'®^~^^ 

Fs 

in 




0 

• 



®(\l— *000000000 

•P 


0 


ft 

0 





OOOOOOOOOOOO 






o 

ft 1 



®fM^in-*a'<MOh'-0'0cH 



in 

1 

ft 

OrH'00®®®mmmmm 

6 >5 

i 

(Nl 

F* 

0'vJ--*-*00000000 

o 



i 

> 


F* 

X 

-* 


OOOOOOOOOOOO 



ft 

0 

sTfNJOCDfflCCNCSJ^CDf'N 

0 



0 

g-fflf'OiNOO'^cocoooiC 

o 




0'f'-<\l-*-4-*000000 

ft 


< 

3 




P3 

OOOOOOOOOOOO 






a 


1 ft 


•H 

co 


> 

>Oinr - gin®mvi'mm<\if\if\i 

pi 


•H 

cr>ao-*-rNj—*— .—*—*— *^i — * — * 



Id 

666606666600 



0 

-•(■"-CT'fNiCT'r-.vOr^h-'-i-rsj-H 


>o 


H 






C'0'Nm(V*NM(M-t-444-i 




ft 

OOOOOOOOOOOO 



PH 

«o o 0 w in -< co s 


m 



rog-cDO'OO'O^^g-Hi*! 





!T'ff'®if'HHi\Jivjrgigi\|fvJ 





OOOOOOOOOOOO 





njfnc\jino'(M--CT'CT'(^^CT' 


■if 



ff'>OMco«om^p40ooO' 





a'O'O'' 0 '} , pnwmKiHHfyj 





OOOOOOOOOOOO 





incMnN®^®®g-sOH-- 


rH 



O 1 Mfi O ^ -4 -< O O' O' 


• 








OOOOOOOOOOOO 





cc-4(7'i\'J , 0'Hr'h'0-<co 


'Ni 



CT'5'r»-r»sj-— 





O'O'^P'eoc-vJ'Oinmtnin 










OOOOOOOOOOOO 





U'min®-4®a'®NhHO 





Ji O' O' O' ONin N o O' O' O' 


• 



0 ' 0 'C'Ooo®®or“f^"i*“ 





OOOOOOOOOOOO 

i 

o 


rH 

m^njrMvoininmmin'Tr- 

£ 0 

l -p p 


ft 

OJMmNg-OO'M/lCOO'O' 

ft ft ^ CD ft X\ 

-4-*cr'>r®— *r^^-r>-rri-40 

^ CD 3H d)H ft--' 

OO— ‘'Taoinr\i-*ooOO 

C H H 0 > C HO 

*00000000 

0 ft ft* Fh *H tH Qhw 


1 ° 

•p 


c 

OOOOOOOOOOOO 

1 1 

0 

- Iftl 

mooooooooooo 

0 ft ft E -P -P 



njinoooooooooo 


COOT- 




«TS cd U H N 



oO'*H-c®>oM>ra)' 0 (\i 


•ph ra !D 

1 * 


-( (CIO l\J ^ H 

1 




~< nj m 


<00000000 

OOOOOOOOOOOO 

OOOOOOOOOOOO 

OOOOOOOOOOOO 

r\j.fCg-4-,-4-4-4-*— *-.-4 

OOOOOOOOOOOO 

OOOOOOOOOOOO 

OOOOOOOOOOOO 

lOOOOOOOOOO 

-lOOOOOOOOOOO 

OOOOOOOOOOOO 

®f\l(7'IMO'fflN'0'd'0>0>0 

•O m -4 —*00000000 

OOOOOOOOOOOO 

OOOOOOOOOOOO 

rvjxJ-^fOinrO— <— *0000 

> 0 -**r\CNj— * 
00— *0000000000 

OOOOOOOOOOOO 

og«ro^®^-^0?'CT'®® 

rvicgr'-mrgiM.'gcg-*-*-*-* 

O'fHOOOOOOOOOO 

• •••••••««•• 

OOOOOOOOOOOO 

m-iO'OOWOBS'O’O'O 
j-NOOin'4'nmc\iCMtsj<Njrsi 
<7'® — OOOOOOOOO 

OOOOOOOOOOOO 

O'0-4-fO0'^"*0'®C000 
•O r'-r-®®«j-<i-'4'r r irHmm 
Of-^OOOOOOOOO 

OOOOOOOOOOOO 

rnCT'inmnj^-'Onjoro®® 

s^a'^0'S>0'0'Oin^in 

<?'®r\J-tOOOOOOOO 

OOOOOOOOOOOO 

®0— *<M‘4'^000'0'CT'C' 
O' vO rg -4 — *-400000 

OOOOOOOOOOOO 

O'rMO'O-oosO'OONvom 

®^f\iincMKin'tf’'tmf^m 

0'<J'®HMH-p4-4^^-4 

OOOOOOOOOOOO 

•f ®WM/lOnBO^O'CD 
0"0 0' B'OB'f N- 1 - 4 OO 

OOOOOOOOOOOO 

®®tnin>r— * 0 'inrHf'->j-rH 
J'HMIAO'OOB^'O'OB 
O'CM3'00lA®mNlMf\iM(g 

OOOOOOOOOOOO 

r-®— *(\J-4rH®rH®®'j-i\i 

U'®iA-*oocM''>r^^ 

OOOOOOOOOOOO 

CT'njnjO'r-min'O'O-^mCT' 

(J'0'N^O-*0'f- , 00'00 

(7'CT'(7'i?'CT'*'-®mmm^r'4' 

OOOOOOOOOOOO 

0 r*- ® r— ® 0 r incoo-o 

(T*3'®f'-®rnrgr'-^'rgrg-4 

OOOOOOOOOOOO 

OO'S'TMOOOMVJOM® 

0 o' (MJ 1 O' O' « ® Mn m sf 

OCTCT'CT'O'CT'O'OCT'OOCT' 

-*00000000000 

OB(7'l3'CT'-r^O'fBOO 
r- ® O ® ® ® — < -4 m r- . 4 - rg 

O'0r-ifi'T-4g'®0''r(M-< 

®C7'®|'00'0 ®— <0000 
firgrg-4-40000000 

• ••••••••••• 

OOOOOOOOOOOO 

mooooooooooo 

tvimoooooooooo 

00-4H't®^)N«f®'OH 
-4 m *0 rg m -4 

-* eg in 


coog-4— *00000000 
OOOOOOOOOOOO 
OOOOOOOOOOOO 

OOOOOOOOOOOO 

®®cgr\j-4-4-*-*-*-*-*-* 

000000000000 

OOOOOOOOOOOO 

OOOOOOOOOOOO 

«ifioin<n^mKimm(MN 

rgr0-4OOOOOOOOO 

OOOOOOOOOOOO 

OOOOOOOOOOOO 

r-®i^m0'r^r^®®'0®® 

*00000000 

o-*oooooooooo 

OOOOOOOOOOOO 

<n*imfoo«4*ooooo 

^■®mrg-4— *—*---*— *- 4-4 
OOOOOOOOOOOO 
• •••••••••«• 

OOOOOOOOOOOO 

•T'CT'®®® 

0'ffl-*000000000 
* 1 * • 

OOOOOOOOOOOO 

r*\(fl^0<f'l0®'0'0>00 

r^®r\jr-'ffnmrgogrgrgr>j 

O'OfMOOOOOOOOO 

OOOOOOOOOOOO 

o>j , in- j '0-*'}''*0'fflffl0| 

0'O'in-4OOOOOOOO 

• ••*«••••••« 

OOOOOOOOOOOO 

®cH-4-®or-®®®mmm 

a«(j.r--j-*ooooooo 

OOOOOOOOOOOO 

— *Ornor-C7'0-4®>J'rWrH 
O' ® rH O' P- rg — tOO'CT'CT'O' 
O' O' ® n — * — ■ * — — * O O O O 

• «•••••••••• 

OOOOOOOOOOOO 

®®rg®-4fM7'<jr“Hr\j-* 
O'O'or-rgfNj^— *-*-*-4-4 
OOOOOOOOOOOO 

f-.OO'OfflBNff BO-OB 
CT'O'Cy'O'O^njrgfMcgrMog 
OOOOOOOOOOOO 

®o®r-CT'r-0'-4-4rgr-in 
O' O' m O' — rgr-rn — O O' O' 
(MT'^fflcoinmmfcimiMN 

OOOOOOOOOOOO 

CT''4'rHe\jm®00'®r-®-4 

O'ff'NfClO'^ (TOO-I rtm 
O' O' C< O' ® MC' ^ ^ 'f 'f 'j' 

OOOOOOOOOOOO 

OiMflPfflO'BOffl'OIAO 

{ 7 'C'O'O®— * m O' r- ® ® 

O'Q'C T'O'O'O'®^®®®® 
OOOOOOOOOOOO 

OomNM^BOB^mn 

OO'O'asr-'Omm^rg— <o 

O O' O' O' O' O' O' O' O' O' O' O' 

-*00000000000 

00®'0 fr ' > oo'r-g3'0®m 

OOO'O'O'C'®®®®®® 

OOO'O'O'O'CT'O'O'CT'O'CT' 

-*—*0000000000 

O' >X O 0D — ■ lM*l®OOr"t 
0®'0'?-*fNl»00-tH-OH 
0'®®onir-r-oomrg-4 
ffl^MN40«l^-*000 
rg cm rg -4 — <0000000 
• •••••••••«• 

OOOOOOOOOOOO 

mooooooooooo 

mmoooooooooo 

00'4(M'}'®'OH^®'OH 
-4 rH ® <\J 1® -4 

-* rg m 



*-*00000000 

-ooooooooooo 

mooooooooooo 

OOOOOOOOOOOO 


^m«UM 44 H 444 H 4 

OOOOOOOOOOOO 

OOOOOOOOOOOO 

OOOOOOOOOOOO 


ro>i'm®'tf’®fn<Nj<M<Mrgrg 

-,-*-,000000000 

0'®0000000000 

OOOOOOOOOOOO 


onjm®0'p^®mmmmm 

moo-400000000 

(OOOOOOOOOOOO 


OOOOOOOOOOOO 


Ifl *0 4 . 4 ^)NOffff'l?^ 0 ' 

®>O^Orn— 4 - 4-400000 
7>®rgOOOOOOOOO 

OOOOOOOOOOOO 


xmo'nmrno®' s -^' 0 O 

r- — *h-r-mrgrg— *-4-4— •— * 
<7'J'>0000000000 

OOOOOOOOOOOO 


®<m>l-(MmrOrgrg.'Nirgrgrg 
<ycr^-— <00000000 

OOOOOOOOOOOO 

0 

0 

OJ 

r-rg- 4 in- 4 romCT'^-mmm 

com- 4 (M®m<a-mmfomr*> 

(7'0'®m00000000 

OOOOOOOOOOOO 

angle, 

4 ^oo''fNCT'-*fflo<om 

< 7 '>or^m 4 > ®' 0 'Ommmm 

C>CT'®' 0-40000000 

OOOOOOOOOOOO 

1 

<ftl 

rH 

0 

4 ft 

^■( 7 'r^ofMmcT''j'®mrri(vj 

*<o®m— * 00 '< 7 * 0 ' 0 ' 
O'C'crr-ro— *- 4 -*oooo 

• •••••••••a* 

OOOOOOOOOOOO 

Wall 

OONMft-iMN?' WOO 

*®of^mmm' 4 ' 

OOOONWW'JH-I-MH 


060600000066 

-sf 

0 

®(NlOinOl\l'DC 0 H(W(J'(M 

OONOlNimotOWOBB 

OOOOOMnwmWNN 

aaaataaaaaaa 

OOOOOOOOOOOO 


C'm<Tmo'm-*a'^-fM®® 

0 ' 0 'Nm' 0 - 4 ^ 0 g--* 0 '® 

oooofflBNBmm^^ 

OOOOOOOOOOOO 


O'r-r^r-pg>j-m®mom>r 
O'er®®— * k >)• rg (> 0 fo 

( 7 'CT'O s O s C 7 '®®®r''-P"-f''-P»- 

000000000006 


0 '® fr '' 0 < 7 '' 0 ®m®®— <0 
j' 0 'j'sg , (MOO'®®®® 

OOOOOOOOOOOO 




— <00000000000 


OOfT^-*-— 'O'r-O'Cinm 
OOO'O'O'^fflOOOCOfflffl 

oocrcy‘cr(7'(j'C7 > crc7 N cr^ 

-*-<0000000000 


oiffloinoO'O'OOfvuro 

r\)Oi^O 

mrtO'^0'0< , 'NHOOO 
<\jrg—t— <-40000000 

OOOOOOOOQOOO 


mooooooooooo 
MmoOOOOOOOOO 
• ••••««•••*• 
00-*fVJ4‘CO>0<N>J-tD>0<M 
-4 ro m rg in -4 
-4 f\t m 


34 






(e-5) Wall half-angle, 30 
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(f-4) Wall half-angle, 20 
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(g-4) Wall half-angle, -30 
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TABLE I. - Continued. CALCULATED ANGULAR DISTRIBUTIONS OF PARTICLE FLUX AT VARIOUS AXIAL DISTANCES FROM SLOT EXIT 
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(i) Length to inlet width ratio, 1.00 
' (i-l) Wall half-angle, -5° 
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TABLE II. - CALCULATED DISTRIBUTIONS OF PARTICLE FLUX AT VARIOUS RADIAL DISTANCES FROM SLOT EXIT 

(a) Length to inlet width ratio, 0.25 
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(a-5) Wall half angle, 30 







TABLE II. - Continued. CALCULATED DISTRIBUTIONS OF PARTICLE FLUX AT VARIOUS RADIAL DISTANCES FROM SLOT EXIT 
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II. - Continued. CALCULATED DISTRIBUTIONS OF PARTICLE FLUX AT VARIOUS RADIAL DISTANCES FROM SLOT EXIT 

(d) Length to inlet width ratio, 2.00 
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TABLE II. - Continued. CALCULATED DISTRIBUTIONS OF PARTICLE FLUX AT VARIOUS RADIAL DISTANCES FROM SLOT EXIT 
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(g-4) Wall half-angle, -30° 
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TABLE II. - Continued. CALCULATED DISTRIBUTIONS OF PARTICLE FLUX AT VARIOUS RADIAL DISTANCES FROM SLOT EXIT 

(h) Length to inlet width ratio, 0.50 
(h-1 ) Wall half-angle, -5° 

al I m+o-n- I ~ Angle from centerplane, cp, deg 
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(i) Length to inlet width ratio, 1.00 
(i-l) Wall half-angle, -5° 
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Flux relative to centerplane, n(^) / n(0) 



Figure 7. - Variation of limiting value of centerplane flux parameter 
with wall half-angle and slot length to inlet width ratio. 




Angle from centerplane, <p, deg 


Angle from centerplane, <p, deg 


Figure 8. - Far-field flux patterns for 
parallel -walled slots (wall half- 
angle - 0) and various length to in- 
let width ratios. 


(a) Divergent slots; wall half-angle, 20°. (b) Convergent slots; wall half-angle, 

- 20 °. 

Figure 9. - Far-field flux patterns for slots with 20° wall-half angle and various length 
to inlet width ratios. 












Flux relative to centerplane, n (<p) I n(0) 












centerplane, BM or n [y^ x ~ kO. Flux relative to centerplane, or n Iy^ x ~ 
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Flux relative to centerplane value from zero length slot, 
|n(^)/n(0) LWl j j>i(0) L/w Jn(0) LWi = 0 ] 


1 . 2 , 



Angle from centerplane, <p, deg Distance from centerplane, y/(x - L) 

(a) Radial patterns. (b) Plane patterns. 

Figure 14. - Variation of flux patterns for 20P convergent slot Length to Inlet width ratio, L 




0 30 60 90 

Angle from centerplane, <p , deg 


Figure 15. - Comparison of fer-field relative flux 
from slots of different length to inlet width 
ratios. 



Angle from centerplane, <p t deg 

Figure 16. - Comparison of relative flux from slots 
of different wall half-angles. Length to inlet 
width ratio, 4. 


NASA -Langley, 1964 E-2436 








